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RF LINAC A1’I’ROACll TO tlFAVY ION FUSION*

D. A. Swenson

Accelerator Technology Division

Los Alamos Sclcntific Laboratory
Los Alamos, NM 87545

AllSTRACT

The ncccssnry properties 01 “Cunnc!linfi” pnrticle

beams from multipl(! acc.clerntors in~o comblncd beams

having hi~hrr currc!nt arc oulllnml, OIId mtitllods :Iro

proposf!d which mnxirnize the lBffirlc*n,”yof this procc:,s.

A hcnvy ion fu!ilon drivrr :;y:;tem rx:lmplc is pr[’s(’lllc’d
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and acceleration with a minimal cmittancc growth. * Furtllcrrnorc,ttm RFQ lends

itself to array-like configurations as shown in Fig. 1, which can bc driven by

cxternnl re60nant circuits in the same manner as Wiclcr6e linacs. By staggering

the geometrical moc!ulationn that produce the accelerating voltage6, the beams

can be made to interlace a~ required by funneling, without the ncccssity for

introducing varying lengths into the funneling transport lines.

Cantiidates for the second linac struclurc in the system are an RFQ linac,

an electrostatically-focused IT, 3n Widcr& linnc, Hnd a magneti(:;]lly--focused

m, 3TIWidcr6c linac. At a few McV, th~ clcctl-nst:atjcal,l.y-focllsedn, _3TIWidcr6e
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tube passing through the magnetic quadrupol(’s. Thi G wr)LIlri lcave ttrc magnct~r.

qaadrupolcs completely exposed on top of the structure to facilitate ali~nment

and services.

We realize that requirements cm brightness have a strong influence on how

close we can operate to ~he spilce charge limit. ll.]wever, the important proper-

ties of funneling and the impact ~utlincd above on structure selection are

equally valid for luwer currcnLs. We are proceeding with more detailed design

of a f.ac[lity (rn]fig(]ralion II$inp, IIIPSC ~dras; in the fa]l(lwJn~ paragraphs, we

outline a prel.irnlnary, irlcalir,cd corlf~[~(]ral ion wlIjL:ll 11.I.usI rates t.}]c rOtent~al

advant:i~e:) l)f fI:ll fl!r,ilcllr)};.
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end. Detallcd studies of the beam dynamics in these struc~ures ilavc not been

made, nor have studies been made of the probl(”rnsass(lclatcd wflt.hfunneling.

The transition energies in Table I are based on a ratio of the space charge

force to the focusing force of 0.5, uhlch corresponds to an allowed tune dcpres-
1

Aim oi abotit 30Z. Withir the RFQ, this limit is evaluated tii.til~!end of a

hr.incliingsubsection. For all other cases, these limits apply at the input or

transition energy to each new structure. If wc drcide, hecau~e of emlttal;ve

growth or current loss, to operate furtht!r [IUIII L]Ie :~pace charue Iimi.1, wc CHLI

delay the trans~l ions to sdmewhat hi[~llrr ~.ncr}!i~”sw}t[’rctl!r~ Jfrnl.t IIJ}P c,orrcnl:

~rc hi~her.

TIN’ LOL::I l(~ll~th of thr’ liIIiIc .1:. only .],L km} w)IldI .1s qultc :;}I(IYL C(lIIII):Il”(?d

to previous desi~,lts. ‘fi)~s~S tll(? ~fs;IIl! Of L]](>)“(’l;lt.~v(””lyh~j:]);I(’c(’.lt)ri]t..fon

gradiol)ts in t.ht! I,lttcr portions c), LIILS ~;~~”JliLY,IIiIIIIIIly, “1 ,YJ l~h’V/m :11 1(!0 NIi:’.,

2.0 ll(!V/m at 100 ?Iliz, i]tld /1.O MrV/itl :11 4(10NIIz. ‘I’1l(}!; (1 ~;r;ltll(,nts ;.lr Iil(’!:c rl f*-
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We believe that the space-charge limit for Xe
+1

in a magnetically-focused

rf linac is approximately one ampere at 1 GcV and 100 MHz, based on a uniformly-

fillcd, three-dimensional ellipsoidal ❑odel and a smooth approximation of the

transverse focusing forces.
1

l’his limit increases with energy and decreases .

with frequency, such that at 3 GeV and 400 MHz the limit is also approximately

one ampere. Thus for the major portion of a 10 GeV heavy ion fusion facility

based on the ~.flinac approach, one can accomodatc currents $n the order of an

ampere at frcqlmnc~cs as high as 400 MHz.

in the major portion of the facility, one

channels, each carryin~ 25 mA at. 12.5 MIIZ

If one shoots for 800 EL4at 400 MHz

is obliged to start out with 32 linac

fol.lowedby fivu ~:ages of ful,:lelin~.

A schcxlulcof l.inacBtructurru W}IICII, if comhillcdtllroug!lfunneling, would
+1

produce an 800 MA km of Xc at 10 CeV is filvcnJ.nTable I. Each structure,

aftc!r the initial RFQ soctJ.cm, 1S1 C1(XQ I:(I :1.1$; H1)il(l C chnrp,r l~mit .It tllC 10W

oncrey cnd and si~n.ificnnLlybrlrlwitc cp:IcrCII;LLI;ClimiL ;il LIIr ]li~hcnc!r~,y
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